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ABSTRACT 

This handbook arose from a project that was designed 
to examine the role that science education plays in the 
under-representation of women in science. It is based on case studies 
of introductory science classes, surveys of syllabi and textbooks 
used in science classrooms, a survey of the literature on the history 
of women in science and current research on gender in science 
education, and interviews with male and female science faculty. This 
handbook describes aspects of culture that researchers believe 
contribute to the attrition of women from science, mathematics, and 
engineering majors and gives concrete suggestions for addressing each 
of these issues. It aims at helping faculty members become more aware 
of the issues that affect women in science and providing them with 
ideas on how to address these issues in their own classrooms. Topics 
discussed include observing classroom dynamics, personalizing large 
classes, shifting from a competitive to a cooperative model, 
considering a variety of examination options, encouraging active 
participation in labs, fighting narrow stereotypes of science and 
scientists, providing diverse role models, making oneself available, 
and fostering self-confidence. Contains 40 references. (JRH) 
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REFACE 



The idea for this handbook originated in a Group Independent Study Project 
(GISP) on gender distinctions in science education at Brown University. The GISP, 
organized by students concerned about the under-representation of women in 
science, was designed to examine the role that science education plays in that 
under-representation. The GISP’s goals were to determine the causes of high 
attrition rates in the undergraduate “pipeline” in science, math, and engineering 
for women, and to find solutions to decrease the number of students leaving these 
fields. The GISP’s work included case studies of introductory science classes at 
Brown, surveys of syllabi and textbooks used in science classrooms, a survey of 
literature on the history of women in science and current research on gender and 
science education, and interviews with male and female science faculty. 

In order to examine issues of science education and women in science at 
other schools, students in the GISP assembled a conference of students from the 
New England Consortium for Undergraduate Science Education (NECUSE) 
schools in April 1993; NECUSE supports science education efforts at sixteen 
colleges and universities in New England. Further consultation with NECUSE 
faculty members occurred at a second NECUSE meeting on women in science 
held at Middlebury College in January 1994 and at a third NECUSE-sponsored 
meeting on Minorities in Science Education held at Smith College in January, 
1995. This handbook was produced with funding from NECUSE. 

Further input on this handbook came from faculty and staff at Brown 
University who have been involved in a Sloan Foundation seminar series on 
inclusiveness in science education. Funding from the Sloan Foundation has also 
helped to support other initiatives to improve science education and to increase 
awareness of issues concerning gender and race in science at Brown; these 
initiatives have included science curriculum development by faculty, student- 
faculty collaboration to redesign science courses, and informational visits to 
individual science departments. Feedback and experiences from all these 
programs contributed greatly to the ideas found in this handbook. 
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NTRODUCTION 



Attrition of women from science is well documented. (NSF, April, 1989. 
Siebert 1992. NRC 1991.) Although both men and women leave the “pipeline” 
along the way, studies have repeatedly shown that a higher percentage of women 
leave, especially during the undergraduate years. 

A common assumption is that students who leave the sciences are less able in 
the sciences than those who continue. The number of students graduating with 
SME (science, math and engineering) degrees is therefore believed to be 
determined by the quality of the students within the pipeline. However, many 
studies have shown that ability is not always the deciding factor in determining a 
college major. 

Switchers [from SME fields] and non-switching seniors did not 
appear to differ ... in ability. They shared strong similarities in 
their self-reported mean GPA scores (Seymour 1992b). 

Most switchers did not have more conceptual difficulties with 
science and mathematics , or inclination to work less hard , than 
the non-switchers (Seymour 1992a). 

A number of factors contribute to the high attrition for women (and under- 
represented minority men) in science. 

Aspects of the structure and culture of SME [ Science , 

Mathematics and Engineering] departments and engineering 
schools inadvertently encourage attrition and impede retention 
efforts , for the whole student population and for important 
subsets of it (Seymour 1992a). 

In this handbook we describe the aspects of culture that researchers believe 
contribute to attrition from SME majors, and we give concrete suggestions for 
addressing each of these issues. If implemented, these changes may prevent very 
capable students from leaving the sciences and may also attract students initially 
not involved in the sciences. We hope that this handbook will help faculty 
members become more aware of the issues that affect women in science and will 
provide them with ideas on how to address these issues in their own classrooms. 

Many of the changes suggested here are based upon sociological, 
psychological, and educational research on gender differences with regard to 



science learning and attrition from science. To the authors of this document, these 
differences imply that to teach for equality we must first recognize that teaching 
habits differentially affect various populations in our classrooms. 

It has been argued by many educators that by using teaching techniques that 
recognize a variety of learning styles in our classrooms, we would not serve only 
women but would attract more students, including men, who are not learning 
under the standard lecture-style, large-class, science education system. Some 
faculty who have considered the challenge of teaching for a more diverse 
“audience” have claimed that more inclusive teaching is simply good teaching. We 
believe this to be largely true, with two caveats. First, some suggestions (such as 
out-of-classroom strategies) have less to do with good classroom teaching and 
more to do with creating a welcoming climate. Second, by concentrating on good 
teaching alone, we often ignore gender-related differences. 
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BSERVE CLASSROOM DYNAMICS 



PROBLEM 

Studies have shown that there are gender differences in communication styles 
in the classroom (Hall 1982). In general , men tend to respond to questions more 
confidently , aggressively, and quickly , regardless of the quality of their responses; 
they tend to speak more freely and spontaneously in class , formulating their 
answers as they speak. Women, on the other hand, tend to wait longer to respond 
to a question in class, choosing their words carefully, reflecting on the question and 
constructing an answer before they speak. 

These studies have also shown that women tend to be interrupted more 
frequently than men; when this happens, they get the message that their contribu- 
tions are not as valuable, and they may hesitate to join discussions in the future. 

RECOMMENDATIONS 

© Encourage class participation: Allow a wait time before choosing 
someone to answer a question. Studies have shown that by waiting 
another two or three seconds , uncomfortable though it seems at first, 
it is possible to encourage more students to participate in questions 
and answers. 

© Whom do you call upon? Be aware of whom you are calling upon, 
and how you respond to their questions and answers. Studies have 
shown that lecturers tend to call on men more frequently than they 
call on women, and that they react more positively to the 
responses of men, including coaching their answers. Self monitor, 
or have someone else monitor the number of men, women, and 
people of color who speak in your class. The results are often 
startling, even for lecturers who are aware of gender (and race) 
biases. 

© Seek outside feedback: Ask someone from your college's 

education, communication, speech, or theater departments or the 
college teaching center to observe your class and give you 
feedback about lecture style and the dynamics of the classroom. It 
is difficult when lecturing to concentrate on the content, delivery 



and patterns of interactions with students. A trained observer can 
give you valuable feedback about ways to include and encourage 
all students. Some institutions have found it useful to train 
undergraduates to act as classroom observers. Another way to 
monitor your teaching is to videotape yourself during class and 
then review the tape later. 

Monitor language and materials: Use gender neutral language, 
refer to female as well as male scientists, and attempt to learn 
students' names. Include material that reinforces your support of 
women in science, whether it is a journal, a magazine or a book on 
gender and science research. This may provide female students 
with a greater feeling of connection and inclusion. 

Pose a question: Some faculty pose a question at the end of a class, 
announcing that this question will start the next class discussion. 
This technique extends the time for reflection by those students 
who are willing to capitalize on the opportunity. 




ERSONALIZE LARGE CLASSES 



PROBLEM 

When students were asked what they disliked about large classes , women 
tended to respond that such courses were impersonal , that the professor didn't 
know who they were, and that they felt isolated. In a study of “ Student Perceptions 
of Problems In Undergraduate Teaching Methods by Sex” (Hewitt 1991), thirty 
percent of women surveyed listed “professors don't care about you” as a problem, 
but no men listed this as a problem. Students were also asked to give characteristics 
of a good professor. Many women replied that a good professor was approachable, 
friendly, and wanted to know the students. Often, because women are used to 
direct encouragement and personal feedback from high school teachers, upon 
reaching college they feel that learning is more difficult as a result of a lack of close 
contact with faculty (Seymour 1992b). 

The size and demographics of a college science class may be quite different 
from what students experienced in high school. It may be hard for women to make 
friends with the men of the class when they find themselves in the minority. As a 
result, there can be a level of formality and awkwardness in the classroom which 
deters women from asking questions. Even asking what students may deem to be 
“stupid” questions is a much less daunting prospect when surrounded by friends. 

RECOMMENDATIONS 

© Encourage the use of study groups: Study groups let students 
know they are not alone and allow students to process material 
more thoroughly by explaining it to others. "Cooperative small 
group work is a more effective strategy both for achievement and 
motivation" (Gardner et al. 1989). By cutting down on the 
competitiveness in a class and encouraging cooperation, study 
groups can be especially beneficial to women. "A necessary ele- 
ment for women's success in engineering programs at 
Massachusetts Institute of Technology was providing a peer group 
or team with whom they could cooperate" (Dresselhaus 1987). 

Encouragement of the use of study groups can be done by 
simply stating at the beginning of the course that study groups are 



encouraged, or by assigning projects or lab work to be done in 
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groups. Another option may be to give an assignment early in the 
semester for which consultation among class members is highly 
encouraged, or even required. This may provide the push 
necessary to start students working together and to stay working 
together for the remainder of the course. 

Create a better sense of community: Professors and students 
might consider ways in which the students can get to know one 
another better in the classroom in order to foster a better sense of 
community and camaraderie. Work in groups, such as those 
mentioned above, provides one such opportunity. During class, 
have students discuss a question with their neighbor for a few 
minutes before you ask for responses; not only does this give 
students time to think through their ideas more clearly, but it also 
allows them to meet other students. 

Use more writing exercises: Use writing as a tool for 
understanding and cooperative learning. For example, have 
students write for their fellow students, providing specific 
directions for a simple task, or providing an explanation of a 
difficult concept for their classmates. This will help foster greater 
communication within the class while emphasizing that clear 
writing is essential in science. 

Rearrange the classroom setting: If possible, rearrange the 
structure of the classroom seating. Set up desks in a U-shape or, for 
smaller classes, seat students around tables. This can introduce a 
level of informality and personal connection to the classroom. 
Modifying the way space is used so as to minimize the distance 
(physical and mental) between the professor and the students may 
also foster a better sense of community. Moving around the room 
during class also allows for increased contact with students.. 

Start an e-mail list: Start up an electronic discussion list. Make it 
possible for students to ask anonymous questions. A chemistry 
professor at Brown University who started an electronic discussion 
list for his class found less of a rush at his office hours around 
exam times; when he asked his students why, they said that the 
discussion list had provided them with the opportunity to get 
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most of their questions answered (by the professor, TA's or other 
students) throughout the semester instead of waiting to ask them 
all at once. 

• Use undergraduate teaching assistants: Using undergraduate TA's 
helps those students to gain more confidence in their own abilities, 
and an undergraduate TA may seem more approachable to other 
students in the class, especially female students. However, it is 
important to remember that some TA's may simply reinforce 
gender stereotypes and may therefore be counterproductive; 
always educate your TA's about these issues and issues of 
appropriate boundaries, and monitor the classroom dynamics in 
their sections or labs. 

• Provide opportunities for the students to meet outside of the 
classroom: Some teachers have found it appropriate to invite small 
classes, groups of undergraduate TA's or large classes divided into 
sections to their homes or labs either for informal discussions 
about their field or for a discussion section of the class. This 
provides students with the opportunity to get to know each other 
as well as the professor in a more informal environment. 






HIFT FROM A COMPETITIVE TO A COOPERATIVE 



EDUCATIONAL MODEL 



PROBLEM 

It is a common belief among first-year students that introductory science 
classes are " weedouts ” and that such courses are designed to eliminate those 
students in the class who are not deemed "fit” to be in science. The perception of a 
"weeding out” atmosphere discourages many interested students from pursuing 
science in college. Some faculty members believe that " a lack of certain attributes of 
ability and/or character distinguishes those who leave SME majors from those who 
remain in them. Widespread acceptance of this theory allows SME schools and 
departments ... to regard their leaving as a kind of ‘ natural selection * process” 
(Seymour 1992). In fact, studies have repeatedly shown (Astin et al 1987 , 1988. 
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Green 1989. Seymour 1992a.) that many students who leave the sciences are 
intelligent and strongly motivated , but are discouraged by the competitive 
atmosphere and the belief that the department is trying to judge their abilities at an 
early stage. Although many classes are designed to set students in competition , 
students often respond more positively to an atmosphere of cooperative learning. In 
her research , Elaine Seymour found that over a third of the students switching out 
of a science , math or engineering field indicated that one of their primary reasons 
for leaving was that their “morale was undermined by competitive culture” 
(Seymour 1993). 

Cooperative learning is an approach to learning which uses small groups of 
students working together to solve problems , complete a task or accomplish a 
common goal. “Small groups provide a forum in which students ask questions 
discuss ideas , make mistakes learn to listen to others' ideas, offer constructive 
criticism, and summarize their discoveries in writing ” (NCTM 1989). 

RECOMMENDATIONS 

Faculty who teach introductory science courses should address the weedout 
perception so that students are not “scared away” from science for reasons other 
than their abilities and interests. By shifting the pedagogical focus away from a 
competitive, “weeding out” model to a cooperative, welcoming, and stimulating 
model we are likely to retain more talented students. There are several ways to shift 
this focus: 

° Address the weedout theory: Some engineering professors at 
Brown University have found it useful to talk to classes about the 
weeding out theory, explaining to them that the admissions 
process was the weed out and that they expect all their students to 
do well. If a professor has confidence in and high expectations for 
a class — and tells the class that — students often have more 
confidence in their own abilities and perform better. 

o Change the grading system: Do not grade on a curve; instead, use 
a criterion or competency-based grading system. Grading on a 
curve forces students to compete against each other for grades; if 
one student scores very high, this automatically results in other 
students getting lower grades. Since their grades are relative, 
students may be more hesitant to help each other or to work in 
study groups which could enhance their own learning. At the 



same time it can be useful to give students a handout clearly 
explaining the goals of the course and your expectations. 

® Encourage use of the pass/fail option: Encourage apprehensive 
students to take the course pass/fail; this allows them to explore a 
subject of potential interest without having to worry as much 
about the grade. It also allows them to base decisions about their 
future on how much they are learning and their interest in the 
subject matter instead of basing decisions primarily on a numeric 
grade too early in their academic career. 

• Address grade anxieties: Stress that performance in introductory 
courses is not necessarily an indicator of future performance or 
ability. Students must be aware that low grades in introductory 
science courses can be the result of a combination of reasons — 
such as a weak high school science background or difficulty in 
making the transition to the college environment — many of which 
may have nothing to do with science ability. 

• Utilize cooperative and collaborative work: Design introductory 
courses that are more discovery-oriented and cooperative, and 
explore interesting topics while not ignoring the "basics." 
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Encourage the use of study groups, both formal and informal, in- 
class and out of class (see Personalize Large Classes, pg. 9). 
Encourage the student-as-leamer/teacher-as-coach model. Help 
students to see that science is not static, that there are questions to 
be answered, and help them to develop critical thinking skills and 
group-work skills which are used everyday in research by 
scientists. Have them design their own lab to address a question 
they have about a topic that has come up in class or about a topic 
which is implicit in the scope of the course. (See Works Cited and 
Other References for references on cooperative and collaborative 
learning.) 






ONSIDER A VARIETY OF EXAMINATION OPTIONS 



PROBLEM 

Exams in college are usually graded on a curve. Students in introductory 
science courses often panic and become discouraged when they receive their first 
exam grades , not realizing that there is a scale. Grades that are in fact above 
average may appear to be “bad” especially in comparison to grades received in high 
school. Women in particular “may develop extremely , perhaps even excessively , 
high standards for themselves as a prerequisite for staying in science ” (Ware et al. 
1985 ). 

Students' different learning styles may also cause them difficulties with exams. 
A student's performance on an exam is not only an indicator of the student's 
understanding of the course material but also of the student's response to a 
particular exam style and time constraints. 

RECOMMENDATIONS 

• Explain the grading system: Before students receive their first 
grades the professor should explain how his or her overall grading 
system works and whether the exams are graded on a curve, to 
avoid any undue anxiety. Clearly state the overall goals and 
expectations for students. 



• Eliminate the curve: Some professors find it effective not to use a 
curve at all and instead give students at the beginning of the 
course the total number of points they must attain for a particular 
grade. This system helps to eliminate competition among students 
and creates a more amicable classroom atmosphere and 
encourages studying in groups (see also: Change the Grading 
System, pg. 12). 




• Give a word of encouragement: An easy, yet effective, strategy for 
professors to undertake is to write a word or two of 
encouragement on students' exams — including those students 
who did not do well. A professor can also easily take a student 
aside and ask if she or he has thought about graduate school. 

These things take only a minute or two and can make a world of 
difference to any student. Many scientists have reported that such 
small yet pivotal experiences helped change the course of their 
lives. 

• Follow up on poor exam/lab performance: Request that students 
who scored below a certain grade meet with you during office 
hours, or with a TA or knowledgeable dean. This could provide the 
student with the opportunity to explore why they think they did 
poorly and to discuss different study strategies for the future. This 
also provides the opportunity for certain students to be directed to 
campus tutoring facilities, study skills support programs, or 
learning disability resources that students may have previously 
been unaware of. 



° Consider untimed or take-home exams: Alleviating the time con- 
straints on exams may help reduce students' stress and emphasize 
logical, ordered thinking and more in-depth analysis of material. 

• Vary the exam structure: A combination of multiple choice, true/ 
false, mathematical problems, short essay questions and long 
essays may provide students with a better opportunity to 
demonstrate their understanding of the material in the course by 
allowing them to present their knowledge in a variety of formats. 



COURAGE ACTIVE PARTICIPATION IN LABS 



PROBLEM 

Women tend to be more passive in labs at coed colleges. This may be due to 
gender differences in socialization (whereby boys are more exposed to mechanical 
toys than girls). Observations of women at women s colleges indicate that they 
become more engaged in labs than their counterparts at coed colleges, suggesting 
that greater encouragement by faculty and careful planning of lab teams can 
increase engagement by women in labs. 

While labs give students the opportunity to apply their knowledge of the 
subject, students often fail to see the connection between lab and lecture. As a 
learning tool, students expect labs to reinforce the material learned in lecture. 

RECOMMENDATIONS 

• Divide lab roles: Assign roles (such as note-taking and taking 
measurements) to each member of a lab group and rotate the roles. 

• Emphasize lab/classroom connection: The correlation between 
what is learned in lecture and what is to be carried out in lab 
should be stressed by the professors and the teaching assistants. If 
the connection between the lab work and the coursework is 
explained (to teaching assistants as well as students), the lab work 
may help some students understand the coursework with which 
they may be having difficulty. Some concepts may even be much 
easier to get across in lab than in lecture. 



Show connection to current research topics: Showing the 
correlation between actual research in the field and their current 
lab and/or course work can encourage more interest in the field of 
study. Professors should encourage independent lab study and (if 
possible) spend a class showing the students around their own 
research labs. 

Provide an open-ended structure: Give introductory labs a more 
open-ended structure. The student is forced to think about the lab 
rather than follow "canned" instructions to already known 
answers. Emphasize the path to the solution, not just the final 
answer, and encourage students to share the diverse paths they 
have taken to get to solution. 

Have students design labs: Give students a topic or issue they 
must explore through a lab exercise and have them design the 
exercise themselves. This exercise may give students a sense of 
"ownership" of the lab which may help to motivate them to 
participate more actively and which may help them gain more 
confidence through the experience. Having students design the lab 
themselves may also enable them to gain a better understanding of 
the topic or problem being addressed. 









IGHT NARROW STEREOTYPES OF SCIENCE 



PROBLEM 

Students are deterred from considering science as a career because of negative 
or narrowly defined images of scientists presented by the media and society in 
general. When hundreds of ninth and tenth graders were asked to draw a scientist y 
almost all drew pictures of a “nerdy” white male with a beard and glasses wearing 
a white lab coat (Gardner et al. 1989). With limited images of women as scientists , 
it is hard for young girls and women to imagine themselves in the field. On the 
other hand , knowing a scientist personally may make a woman much more likely 
to pursue her interests in the sciences : in an informal survey by the GISP at Brown 
University, the most important factor determining whether a woman will pursue 
science as a career was the vocation of her mother and or father. 

Many people also have negative and narrow images of science as a discipline, 
career or a course of study. Many young people see the study of science (not 
medicine) as leading primarily to a field in the military. This is illustrated by 
numerous examples drawn from the mtlitary in college textbooks and in the 
media’s portrayal of science. While this may be a positive connection, it probably 
appeals to more men then women and may give the impression that science has a 
very narrow range of applications. 

The positive benefits of S&E [science and engineering] research 
and development have not been the primary focus of the public 
image, nor have science and engineering been viewed by the 
public as ennobling careers (NAS 1989). 

Students frequently believe that science classes are too difficult and too time 
consuming, without seeing the potential benefits of science or where a particular 
science course fits in the u big picture.” This deters some students who are 
undecided in their area of study from ever taking a science class. 

RECOMMENDATIONS 

It is difficult to counter stereotypes that are so ubiquitous. Nevertheless, some 
steps can be taken: 

• Applications of science: To shed a positive light on science, pro- 
fessors can show applications of the coursework so the students 




can connect what they are studying to the "real world." One physics 
professor at a NECUSE school altered the examples used in class so 
that the problems he presented were based on a mix of scenarios 
that were accessible to a range of students. He limited both the 
number of military and sailing examples, believing that they 
reflected neither the interests nor experiences of most students. 

Science education should ... emphasize life learning and 
life skills. The perceived relevance of scientific process and 
content to everyday life experiences is a factor in science 
interest and participation at both the pre-college and 
collegiate levels (Gardner et al. 1989). 

Labs and sections are often an effective place to stress such 
applications if they relate directly to the coursework (See also 
Encourage Active Participation in Labs, pg. 16). 

• Show alternatives to and within academic careers: Faculty at four- 
year colleges tend to only invite faculty from other academic 
research institutions to give colloquia. Consider also inviting 
scientists who work in government labs and industry, as well as 
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people who majored in science and went into other careers for 
which a solid understanding of science can be valuable, such as 
law, education, science writing, and public policy. Speakers may 
also be willing to meet with classes or to present less technical 
lectures to undergraduates. 

• Discuss the value of a science education: Talk to your students 
about your views of science in general. Discuss the skills one gains 
while pursuing an undergraduate science degree and how those 
skills relate to life skills. It may also be helpful for students to hear 
about the value of undergraduate science training even for those 
students intending a career in a very different field. 

• Outreach to primary and secondary schools: To confront these 
stereotypes when they form, some professors and undergraduates 
participate in science workshops and outreaches for elementary 
and secondary school students. Not only does this work to change 
stereotypes at a young age, but it can also help the college students 
gain more confidence in their abilities by enabling them to see 
themselves as role models for younger students. 






ROVIDE DIVERSE ROLE MODELS 



PROBLEM 

Women need exposure to male and female mentors for all the reasons stated in 
previous steps. Many undergraduates and women in science cite the importance of 
their male role models or mentors in assisting them in their pursuit of a science 
career. While men have been important colleagues, advocates, role models, and 
mentors for women scientists, women students also need exposure to women who 
are successful in SME fields. It is still a long held belief that, 

The ' old boy network f which draws promising male students 
into research projects and mentored relationships with faculty ... 
tends to exclude women (Seymour 1992b). 

In addition, there are a lack of female and male role models in science who 
have successfully balanced work and outside interests. Often college women are 



thinking ahead to their hopes for children and a family , but cannot find many role 
models who are women and mothers , and who manage to balance the needs of 
both job and family life. More and more undergraduates , both men and women , 
are looking for examples of scientists who pursue interests outside of the lab 
without sacrificing their careers. ^ . 

RECOMMENDATIONS 

When students see people like themselves in a field, they are much more likely 
to create goals for themselves within that field because it appears more accessible. 
Women students need exposure to women with a variety of life-styles who are 
successful in SME fields so they can believe science is accessible to all, especially 
people like themselves. 

0 Female faculty: Ultimately the best solution is to hire — and 
retain — female faculty who can serve as role models. Women 
faculty members who have families can also choose to share their 
stories about balancing work and family. "The faculty are very 
important in creating an environment that is supportive of women 
students" (Finholt 1990). According to the National Resource 
Council, "the presence of women faculty at all ranks" would be "a 
signal to women students that they will be respected and treated 
fairly" (NRC 1991). 

0 Utilize women TA's: While increasing the number of women 
faculty takes time, employing women graduate and under- 
graduate teaching assistants can be done more quickly. Also, make 
sure that your TA's recognize the importance of their role in 
students' learning experiences. 

0 Guest lecturers: Professors can provide role models for students 
by bringing guest lecturers to class to talk about their experiences 
in science or to give a lecture in their field of expertise (NRC 1991). 
Female scientists, including post-docs and graduate students from 
other universities, government and industry, can be invited to give 
colloquia as part of a department's regular, colloquium series. 
Many speakers will also be more than happy to meet with a group 
of female students before or after the talk. Both male and female 
students from the introductory or intermediate level science 
classes can be invited to attend the talk. 

O 
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• Acknowledge women's contributions to science: Mention the 
contributions of both female and male scientists when appropriate. 
Instead of simply mentioning a scientist's last name, include the 
first names of women scientists so that students do not assume 
you are referring to a man. A textbook with pictures, not just brief 
mentions, of women scientists can also make a very positive 
impact on students. It is true that choosing a good textbook can be 
a tricky process. In a study of textbooks by Jane Butler Kahle, 
"women, for example, were ... pictured in approximately 50% of 
the illustrations. However, their meaningful contributions were 
seldom cited or referenced" (Kahle 1985). For more information on 
the historical contributions of women to science, see Margaret 
Rossiter's 1982 book, Women Scientists in America: Struggles and 
Strategies to 1940. 

• Act as a role model and mentor Professors themselves are in 
positions to be excellent role models. Try meeting with students or 
groups of students informally. Talk about how you became 
interested in science, your life as a scientist, and whatever you feel 
comfortable revealing about your personal life. A teaching 
assistant can serve as liaison to help arrange an informal meeting. 






AKE YOURSELF AVAILABLE 



PROBLEM 

Some students perceive that faculty are too busy to talk or meet with them. In 
a study by Nancy Hewitt and Elaine Seymour , 12 % of men and 20% of women 
indicated that " professors have no time for students” citing this as a problem in 
undergraduate science courses (Hewitt 1991). Conversely, many of the professors 
interviewed by students in the GISP project did not feel this was the case . The 
faculty complained that very few students came to office hours even though this 
was time intentionally set aside for their students. It may be that professors are not 
communicating their interests accurately or adequately to the students. However, a 
professor’ s willingness to provide help is not the only factor influencing a student’s 
decision to seek help from any particular faculty member or graduate TA. There 
are often other factors present that ultimately deter students from getting the help 
they need. 

RECOMMENDATIONS 

0 Make yourself accessible: Remind students throughout the 

semester that their questions and visits are welcome so they don't 
feel that the short mention of office hours on the first day of class 
was only a formality. Give students an e-mail address where they 
can send questions. Also, encourage students to utilize their 
teaching assistants for help and then stay in close touch with those 
assistants for feedback about what they are hearing. 

© Leave the door open: Leave your door open, literally. Sexual 
harassment is of real concern to women in science; it is important 
to create an environment of mutual respect, free from intimidation 
and bias. Leaving your door open sends a message that the 
conversation is not private or of a personal nature. Let the student 
decide when to shut the door as it is sometimes appropriate to 
discuss test scores or course standing in private. 

Also, arriving at a closed door during "open hours" may make 
students feel that they are interrupting you, even when they arrive 
during office hours. 



0 Require a student visit: Require an office visit from each student 
in the first two weeks of class, just to make sure that every student 
gets introduced to her or his professor. This could also be a good 
opportunity to get to know something about the students as 
individuals, such as why they are taking the course and where 
they see themselves going in the future. 






OSTER SELF-CONFIDENCE 



PROBLEM 

Women in our society often have an extrinsic sense of self worth; that is they 
have a tendency , more so than men, to place a higher value on what others think of 
them. In addition, women are “more likely to fix the blame internally — to cite 
their own inadequacy as the source of difficulty” when encountering problems; 
whereas “ men [tend] to place responsibility for difficulties outside themselves” 
(Ware et al. 1985). A male student’s response to a poor test grade, therefore, may 
be to blame the examination as a poor judge of his knowledge or to blame the 
professor for inadequately preparing him for the examination. 

Women are more likely to believe they are unintelligent when they receive just 
one bad exam grade and are in general less confident of their performance. 
Subsequently they make important decisions, such as the decision to change majors, 
based on either an inaccurate appraisal of their performance or on an insufficient 
amount of data, such as one poor test grade. 

In fact, in a study of undergraduate biology majors, Marsha Lakes Matyas 
determined that the women in her sample had higher average GPAs than men, but 
dropped the major at a greater rate because of personal factors (Matyas 1988). 
Between 70% and 80 % of females who switched out of the science track felt 
discouraged and suffered a loss of self-esteem even though their grades were the 
same as those of men (Seymour 1993). 



RECOMMENDATIONS 

0 Provide personal encouragement: Be aware that women will be 
more likely than men to perceive their performance as less 
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satisfactory than it is in reality, and they are more likely than men 
to attribute this supposed unsatisfactory performance to 
themselves. Provide encouragement to students and suggest 
opportunities for summer research, either at the university or at a 
summer program sponsored by another university or lab. 
Remember that even small words of encouragement can have a 
powerful positive effect on a student and are remembered for 
years. 

Provide experiences that foster students' confidence: Women's 
success in science can be influenced by an environment that fosters 
self-confidence. Self-confidence in the science classroom is 
bolstered by providing a variety of participatory experiences. At 
Alverno College, an all women's college in Milwaukee, "science 
classes, particularly the introductory ones, are structured around 
cooperation ... this shows our women that they can do science. It 
gives them the self-confidence to continue on" (Alper 1993). 

Science faculty at women's colleges realize the importance of 
women handling the lab equipment; at coed institutions women 
often watch as their male classmates conduct the experiments. 
Provide research opportunities: Summer or academic-year 
research opportunities often allow students to get a better sense of 
the purpose of what they are learning in the classroom. A research 
project may also help students to recognize skills and abilities that 
may not have been utilized in their classroom experiences. Positive 
outside experiences can help increase students' confidence in their 
ability to "do" science. Working with a faculty member or other 
researcher also provides students with the opportunity to find role 
models and mentors and to develop a better sense of what a 
research career in science would entail. 

Form a Women in Science program at your school: Good support 
systems for women can increase the percentage of women 
graduating with degrees in the sciences to higher than the national 
average. For example, in 1989-90, 24% of the engineering 
graduates at Purdue (which hosts a strong program for women in 
engineering) were women, compared to the national average of 
only 15%. These programs can address many of the personal and 
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academic issues affecting women in science, such as alleviating 
feelings of isolation, helping women to form support and 
professional networks, and providing mentoring opportunities. 
Talk to faculty and administrators in the Dean's Office, or at the 
Women's Center, about establishing a Women in Science Program 
that can provide co-curricular support for women. 




O 

EkLC 



27 



26 



w 0 . 



ORKS CITED AND OTHER REFERENCES 



Alper, Joe. 1993. “The Pipeline is Leaking Women All the Way Along.” Science , 
260: 409-411. 

Astin, A.W., et al. 1988. The American Freshman: National Norms for Fall 1988: 
UCLA: Higher Education Research Institute. As cited in Seymour 1992b. 231. 

Astin, A.W., K.C. Green and W.S. Korn. 1987. The American Freshman: Twenty 
Year Trends. UCLA: Higher Education Research Institute. As cited in Seymour 1992b. 
231. 

Cook, Thomas and Steven Dyche. May 1987. “Bonus Homework, Study Group, 
Pair Test, And Test Retake.” Journal of College Science Teaching. 

Dresselhaus, Mildred. 1987. Personal communication while Phi Beta Kappa 
Visiting Lecturer at the University of South Carolina. As cited Rosser 1989, 373. 

Engineering Manpower Commission. 1987. Engineering and Technology 
Enrollments , Fall 1986. Washington, DC: American Association of Engineering 
Societies. As cited in NRC 1991. 30. 

Finholt, James E. 1990. “Carlton Chemistry: A success story for women.” In 
Sandra Z Keith and Phillip Keith, eds. 1991. Proceedings of the National Conference on 
Women Mathematics and the Sciences. St. Cloud, Minnesota: St. Cloud State University. 
As cited in NRC 1991. 

Gardner, April L., Cheryl L. Mason, Marsha Lakes Matyas. 1989. “Equity, 
Excellence &£ ‘Just Plain Good Teaching’.” The American Biology Teacher ; 51(2): 72- 
77. 

Goodshell, A., M. Maher, V. Tinto, B. Smith, J. MacGregor. 1992. Collaborative 
Learning: A Sourcebook for Higher Education. USA: National Center on Postsecondary 
Teaching, Learning, and Assessment. 

Gornick, Vivian. 1983. Women in Science. New York: Simon and Schuster. 

Green, Kenneth C. 1989. “A Profile of Undergraduates in the Sciences.” The 
American Scientist. Sept./Oct. 475-480. As cited in Seymour 1992b. 231. 

Hall, Roberta M. 1982. The Classroom Climate: A Chilly One for Women. Project 
on the Status of Education of Women, Association of American Colleges. Washington, 
D.C. 

Hewitt, Nancy M. and Elaine Seymour. 1991. Factors Contributing to High 
Attrition Rates Among Science, Mathematics, and Engineering Undergraduate Majors. 
Boulder, CO: University of Colorado. As cited in NRC 1992. 29. 

Humphreys, Sheila M. 1982. Women and Minorities in Science: Strategies for 
Increasing Participation. Boulder, CO: Westview Press. 




27 



Alper, Joe. 1993. “The Pipeline is Leaking Women All the Way Along.” 
Science , 260: 409-411. 

Astin, A.W., et al. 1988. The American Freshman: National Norms for 
Fall 1988. UCLA: Higher Education Research Institute. As cited in 
Seymour 1992b. 231. 

Astin, A.W., K.C. Green and W.S. Korn. 1987. The American Freshman: 
Twenty Year Trends. UCLA: Higher Education Research Institute. 

As cited in Seymour 1992b. 231. 

Cook, Thomas and Steven Dyche. May 1987. “Bonus Homework, Study 
Group, Pair Test, And Test Retake.” Journal of College Science 
Teaching. 

Dresselhaus, Mildred. 1987. Personal communication while Phi Beta 

Kappa Visiting Lecturer at the University of South Carolina. As cited 
Rosser 1989, 373. 

Engineering Manpower Commission. 1987. Engineering and Technology 
Enrollments , Fall 1986. Washington, DC: American Association of 
Engineering Societies. As cited in NRC 1991. 30. 

Finholt, James E. 1990. “Carlton Chemistry: A success story for women.” 

In Sandra Z Keith and Phillip Keith, eds. 1991. Proceedings of the 
National Conference on Women Mathematics and the Sciences. St. 
Cloud, Minnesota: St. Cloud State University. As cited in NRC 1991. 

Gardner, April L., Cheryl L. Mason, Marsha Lakes Matyas. 1989. 

“Equity, Excellence & ‘Just Plain Good Teaching’.” The American 
Biology Teacher, 51(2): 72-77. 

Goodshell, A., M. Maher, V. Tinto, B. Smith, J. MacGregor. 1992. 

Collaborative Learning: A Sourcebook for Higher Education. USA: 
National Center on Postsecondary Teaching, Learning, and 
Assessment. 

Gornick, Vivian. 1983. Women in Science. New York: Simon and 
Schuster. 

Green, Kenneth C. 1989. “A Profile of Undergraduates in the Sciences.” 

The American Scientist. Sept./Oct. 475-480. As cited in Seymour 
1992b. 231. 

Hall, Roberta M. 1982. The Classroom Climate: A Chilly One for 

Women. Project on the Status of Education of Women, Association 
of American Colleges. Washington, D.C. 

0 

29 28 BEST COPY AVAILABLE 



Hewitt, Nancy M. and Elaine Seymour. 1991. Factors Contributing to High 
Attrition Rates Among Science , Mathematics , and Engineering Under- 
graduate Majors. Boulder, CO: University of Colorado. As cited in NRC 



Humphreys, Sheila M. 1982. Women and Minorities in Science : Strategies for 
Increasing Participation. Boulder, CO: Westview Press. 

Kadel, S. and J. Keehner. 1994. Collaborative Learning: A Sourcebook for 
Higher Education , Volume II. USA: National Center on Postesecondary 
Teaching, Learning and Assessment. 

Kahle, Jane Butler. 1988. “Recruitment and Retention of Women in College 
Science Majors.” Journal of College Science Teaching. March/April: 382- 



Kahle, Jane Butler, ed. 1985. Women in Science: A Report From the Field. 

New York: The Falmer Press. 52, 64. 

Matyas, Marsha Lakes. 1992. “Overview: The Status of Women in Science 
and Engineering.” Science and Engineering Programs: On Target for 
Women? CSWE. Washington, DC: National Academy Press. 141-160. 

Matyas, Marsha Lakes. 1989. “Prediction of Attrition Among Male and 

Female College Biology Majors Using Specific Attitudinal, Socio-cultural, 
and Traditional Predictive Variables.” Ph.D. Thesis, Purdue University. As 
cited in Kahle 1988. 

McCarthy, Bernice. 1985. “The 4 MAT System Teaching to Learning Styles 
with Right/Left Mode Techniques.” Barrington, IL . 

McKeachie, W., P. Pintrich, Y. Lin, D. Smith, and R. Sharma. 1986. Teaching 
and Learning in the College Classroom: A Review of the Research 
Literature. Michigan: Regents of University of Michigan. 

Mullins, Ina V. and Lynne B. Jenkins. 1988. The Science Report Card: 

Elements of Risk and Recovery. Trends and Achievements based on the 
1986 National Assessment. Princeton, NJ: Educational Testing Service. 

As cited in Seymour 1992b. 230-231 

National Academy of Sciences (NAS), Committee on the Conduct of Science. 



1989. On Being a Scientist. Washington, DC: National Academy Press. 
As cited in NRC 1991. 



1992. 29. 



384. 




ERIC 



29 



National Association of State Universities and Land-Grant Colleges. 1989. 
Quality of Engineering Education (111) . Committee on the Quality of 
Engineering Education, Commission in Education for the Engineering 
Professions. Washington, DC: NASULGC. As cited in Seymour 1992b. 
230-231. 

National Center on Postsecondary Teaching, Learning and Assessment 
(NCTLA). 1994. What Works: Building Effective Collaborative 
Learning Experiences. National Conference on Collaborative Learning. 
USA: NCTLA. 

National Council of Teachers of Mathematics, Commission on Standards for 
School Mathematics. 1989. Curriculum and Evaluation Standards for 
School Mathematics. Reston, VA: The Council. 

National Resource Council: Committee on Women in Science and Engineer- 
ing. 1992. Science and Engineering Programs: On Target for Women f 
Washington, D.C.: National Academy Press. 

National Resource Council: Committee on Women in Science and Engineer- 
ing. 1991. Women in Science and Engineering: Increasing Their Numbers 
in the 1990’s. Washington, DC: National Academy Press. 7-27. 

National Science Foundation. 1989. Foreign Students Account for Most 
Growth in Graduate Science and Engineering Enrollment. Science 
Resources Studies. Washington, DC: NSF. As cited in Seymour 1992a. 
230-231. 

Rosser, Sue, ed. 1995. Teaching the Majority: Breaking the Gender Barrier in 
Science, Mathematics, and Engineering. The Athene Series, Teachers 
College Press. 

Rosser, Sue. 1990. Female Friendly Science. The Athene Series, Pergamon 
Press. 

Rosser, Sue. 1989. “Teaching Techniques to Attract Women to Science: 

Applications of Feminist Theories and Methodologies.” Womens Studies 
International Forum. 12(3): 363-377. 

Seibert, Eleanor D. “Women in Science?” Journal of College Science Teaching. 
March/April 1992. 269-271. 

Seymour, Elaine. Lecture. “Why Are the Women Leaving?” NECUSE Confer- 
ence. Brown University, April 10, 1993. 




31 



30 



Seymour, Elaine. 1992a. “ ‘The Problem Iceberg’ in Science, Mathematics, and 
Engineering Education: Student Explanations for High Attrition Rates.” 
Journal of College Science Teaching. February. 230 - 232. 

Seymour, Elaine. 1992b. “Undergraduate Problems with Teaching and 
Advising in SME Majors: Explaining Gender Differences in Attrition 
Rates.” Journal of College Science Teaching March/ April. 284 - 292. 

Tobias, Sheila. 1992. “Women in Science - Women and Science.” Journal of 
College Science Teaching. April/May. 276-278. 

Tobias, Sheila. 1990. They're Not Dumb , They're Different: Stalking the 
Second Tier. Arizona: Research Corporation. 

Ware, Norma C. and V. Lee. 1987. “Sex Differences in the Choice of College 
Science.” Unpublished paper, Radcliffe College. As cited in Kahle 1988. 
382. 

Ware, Norma C., Nicole A. Steckler, and Jane Lesserman. 1985. “Undergradu- 
ate Women: Who Chooses a Science Major?” Journal of Higher Educa- 
tion, 56(1): 73-84. 

Widnall, Sheila. 1988. “AAAS Presidential Lecture: Voices from the Pipe- 
line.” Science 241: 1740-1748. 



32 

o 

ERJC 



31 





Office of the Dean of the College 
Brown University 
Box 1939 

Providence, RI 02912 



•I 



33 




U.S. Department of Education 

Office of Educational Research and Improvement (OERI) 
Educational Resources Information Center (ERIC) 

REPRODUCTION RELEASE 

(Specific Document) 




I. DOCUMENT IDENTIFICATION: 



Title: 



^emde'C (H -Science C\ os&'CoovnS 



Author(s): 



Corporate Source: 



'Brown Uniter&i-kj 



Publication Date: 

I xhio 



II. REPRODUCTION RELEASE: 

In order to disseminate as widely as possible timely and significant materials of interest to the educational community, documents announced 
in the monthly abstract journal of the ERIC system, Resources in Education (RIE), are usually made available to users in microfiche, reproduced 
paper copy, and electronic/optical media, and sold through the ERIC Document Reproduction Service (EDRS) or other ERIC vendors. Credit is 
given to the source of each document, and, if reproduction release is granted, one of the following notices is affixed to the document. 



If permission is granted to reproduce and disseminate the identified document, please CHECK ONE of the following two options and sign at 
the bottom of the page. 



K) 

t 

Check here 
For Level 1 Release: 

Permitting reproduction in 
microfiche (4* x 6" film) or 
other ERIC archival media 
(e.g., electronic or optical) 
and paper copy. 



The sample sticker shown below will be The sample sticker shown below will be 
affixed to all Level 1 documents affixed to all Level 2 documents 



PERMISSION TO REPRODUCE AND 




PERMISSION TO REPRODUCE AND 


DISSEMINATE THIS MATERIAL 




DISSEMINATE THIS 


HAS BEEN GRANTED BY 




MATERIAL IN OTHER THAN PAPER 






COPY HAS BEEN GRANTED BY 


A© 




\© 













v 


TO THE EDUCATIONAL RESOURCES 




TO THE EDUCATIONAL RESOURCES 


INFORMATION CENTER (ERIC) 




INFORMATION CENTER (ERIC) 




Check here 
For Level 2 Release: 

Permitting reproduction in 
microfiche (4“ x 6" film) or 
other ERIC archival media 
(e.g., electronic or optical), 
but not in paper copy. 



Level 2 



Documents will be processed as indicated provided reproduction quality permits. If permission 
to reproduce is granted, but neither box is checked, documents will be processed at Level 1. 



Sign 

here-* 

please 




7 hereby grant to the Educational Resources Information Center (ERIC) nonexclusive permission to reproduce and disseminate 
this document as indicated above. Reproduction from the ERIC microfiche or electronic/optical media by persons other than 
ERIC employees and its system contractors requires permission from the copyright holder . Exception is made for non-profit 
reproduction by libraries and other service agencies to satisfy information needs of educators in response to discrete inquiries . * 


Signature: , \ 

yjOWyOY\ ' | 


Printed Name/Position/Title: 

David AssocAode. ~E>e.un of-hke 

' Collet 


OrganTz atio rVAddres s ; (j \ 

Cfikce oC oC -Wte &>He<j<z. . j 

\ 1 

3roct>n Uni Versify i 

IWaertce . 0,3^13- ! 


Telephone: 

Msiz-ttiy 


FAX: 


E-Mail Address: 

Datfid— Cocouisi.edu 


Date: 



(over) 



III. DOCUMENT AVAILABILITY INFORMATION (FROM NON-ERIC SOURCE): 

If permission to reproduce is not granted to ERIC, or, if you wish ERIC to cite the availability of the document from another source, 
please provide the following information regarding the availability of the document. (ERIC will not announce a document unless it is 
publicly available, and a dependable source can be specified. Contributors should also be aware that ERIC selection criteria are 
significantly more stringent for documents that cannot be made available through EDRS.) 



Publisher/Distributor: 

office of £ 


>f Hie Colley ( rv Uni 


Address: ^ 


pkas.z til So l 




/jffp .'//tAju)uj~ broum* 


TtoU'.dence ( 


u — \\0)frdh)oo (c » UVm 1 


Price: 









IV. REFERRAL OF ERIC TO COPYRIGHT/REPRODUCTION RIGHTS HOLDER: 

If the right to grant reproduction release is held by someone other than the addressee, please provide the appropriate name and address: 



Name: 



Address: 



V. WHERE TO SEND THIS FORM: 



Send this form to the following ERIC Clearinghouse: 

ERIC/CSMEE 
1929 Kenny Road 
Columbus, OH 43210-1080 



However, if solicited by the ERIC Facility, or if making an unsolicited contribution to ERIC, return this form (and the document being 
contributed) to: 




ERIC Processing and Reference Facility 
1100 West Street, 2d Floor 
Laurel, Maryland 20707-3598 

Telephone: 301-497-4080 
Toll Free: 800-799-3742 
FAX: 301-953-0263 
e-mail: ericfac@inet.ed.gov 
WWW: http://ericfac.piccard.csc.com 



